Aim To investigate the incidence and ethnic distribution of patients with symptomatic acute primary angle closure (APAC) who presented to a UK hospital serving a multicultural conurbation by a populationwide case series investigation. Methods Case series chart review of patients aged 30 years and above, who required laser peripheral iridotomy (LPI) for a primary acute angle closure event over a 7-year period. Demographic data for cases were compared to the local resident census data. Results A total of 46 local residents aged X30 years required LPI for APAC. In all, 96% of patients were Caucasian compared to the local resident population of 89% Caucasian. The overall annual APAC rate for Bolton was 4.14 cases per 100 000 population (95% CI 3.03-5.52). The standardised incidence ratio for the South Asian population was 0.78 (95% CI 0.02-4.34) and 26.6 (95% CI 0.67-148.40) for the Chinese population. Conclusions APAC incidence in South Asians was similar to that among Caucasians. The incidence of APAC patients treated in this UK department is consistent with international experience. Individuals of Chinese ethnicity were at an enhanced risk of APAC. However, these results should be interpreted with caution, as patient numbers are small.
Introduction
The prevalence of glaucoma varies by region and race, with open-angle glaucoma more frequent among persons of West African descent and angle-closure glaucoma (ACG) more frequent among South Asian [1] [2] [3] and Inuit 4 populations. Up to 10% of Inuit/Eskimo women and 2% of men over 40 years are affected by ACG. 4 ACG is thought to affect approximately 1.5 million people worldwide. 5 ACG incidence is high among people of Asian heritage. [1] [2] [3] An island-wide survey in Singapore reported incidence rates of acute primary angle closure (APAC) at 12 cases per 100 000 per year in those aged 30 years and older. 1 In that study and in a subsequent hospital admission-based study, Singaporean residents of Chinese ethnicity were at highest risk, followed by Malays and Indians who had identical rates of incidence of 6.0 cases per 100 000 per year. 2, 6 The Vellore Eye Study (VES) investigators reported a prevalence of 4.3% (95% CI 3.0-5.6%) of primary angle closure glaucoma (PACG) in Southern India, all of which were of the chronic type. 3 Caucasians are thought to have lower rates of PACG. In a Welsh valley population study in 1966, the prevalence rate for PACG for Caucasian individuals over 40 years was 0.09%. 7 The prevalence rate in Northern Italy, including both chronic and occludable angles was similar for residents over 40 years at 0.6%. 8 ACG is uncommon in AfroCaribbean individuals who are, however, at enhanced risk of primary open angle glaucoma. 9 ACG can present dramatically as an acute angle-closure event, with high intraocular pressure, or insidiously as chronic angle closure. The Working Group for defining Glaucoma of the International Society of Geographical and Epidemiologic Ophthalmology proposed that the classification of PACG be revised for consistent use in population-based studies. 10 It is recommended that the term 'primary angle closure glaucoma' be restricted to patients with both glaucomatous optic neuropathy and a reproducible visual field defect. Those with an acute, reversible event of elevated intraocular pressure should be considered as having APAC. 10 Based on this classification, manifest PACG prevalence was found to be 0.5% (95% CI 0.1-0.9%) in the VES 11 and 0.7% in the population over 30 years in the Andhra Pradesh Eye Disease Study (95% CI 0.34-1.31%). 2 These rates are comparable to studies from Singapore (0.8%) 12 and Mongolia (0.8%). 13 Foster and Johnson estimate that the number of persons with 'occludable' angles in China, based on previous population-based studies in Mongolia and the Tanjong Pagar district of Singapore, is 28.2 million, whereas 9.1 million have significant angle closure.
12-14 A recent study from Thailand suggests that ACG accounts for at least 21% of all glaucomas there. 15 In spite of the blinding potential of this disease, local public awareness appeared to be low leading to late presentation. 16 As the literature on the epidemiology of ACG is varied, investigating the incidence of ACG by ethnicity in multicultural environments is relevant. We considered that the acute presentation of the disease, that is, the demand incidence for treatment for APAC by ethnic origin might perhaps be a crude marker for the underlying prevalence of PACG by ethnicity in the local community. We also had the internal organisational objective of wishing to ascertain if access to acute services for APAC cases by ethnic origin reflected the local population's ethnic mix.
Methods
The study was conducted by retrospectively examining the case notes of all Bolton residents who presented to Bolton Hospitals NHS Trust requiring a laser peripheral iridotomy (LPI) in 7 years from 1st January 1995 to 31st December 2001. Cases were ascertained by a combination of searching the Hospital Episode Statistics returns for OPCS-4 operations (Code C 62.3 laser iridotomy) and the International Classification of Disease-10 for diagnosis (code H40.2 Glaucoma; PACG) and additionally by hand searching of the laser surgery treatment record registers. Details are recorded in our treatment register both by OPCS-4 code and in free text format by the treating surgeon. Case notes of all patients who underwent LPI were examined. Only patients who had an LPI for a confirmed APAC event and who had a Bolton Metropolitan home postcode were included in this study.
The diagnosis of APAC was clinical and comprised a combination of the classical signs and symptoms of an acute attack: ocular pain and redness from high intraocular pressure, IOP greater than 22 mm Hg, frequently associated with symptoms of nausea, vomiting, and with blurring of vision with or without haloes. An intraocular pressure of 22 mm Hg or more was an absolute requirement for case ascertainment. The duty consultant ophthalmologist confirmed the diagnosis of primary angle closure on presentation or within a few days thereof. Optic disc and visual field abnormalities were not required for case diagnosis for this audit but were available. The treating clinicians performed gonioscopy or assessment of the anterior chamber by the Van Herrick method.
Patients living outside the Bolton postcode area at the time of LPI treatment were excluded, as were patients who had experienced their acute attack outside of the study dates. Patients with secondary angle closure or pupil block glaucoma, such as neovascular glaucoma or uveitic glaucoma, were also excluded. Standard demographic and ophthalmic data contained in the hospital charts were extracted for all patients. These included date of birth, sex, ethnicity, date of iridotomy, age at time of LPI, etc.
In our department, in keeping with UK-wide NHS practice, ethnicity is recorded as a self-assigned category declared by the patient on registration. It is mandatory that NHS organisations capture such data. 17, 18 The definitions of ethnic groups used are the same as those in the 2001 UK census, that is, white, black Caribbean, black African, black other, Indian, Pakistani, Bangladeshi, Chinese, and 'other ethnic'. Patients are presented with a list of these ethnic group categories from which to identify their self-determined ethnic group. Self-declared country or area of birth is also routinely enquired of within Hospital Episode Statistics returns and was available to us.
Ethnic origin NHS patient self-declarations were then abstracted and grouped as either Caucasian, Southern Asian (which includes people of Indian, Pakistani, and Bangladeshi origin), Chinese, and 'other ethnic' groups. Demographics including ethnicity for all 46 APAC cases requiring LPI was recorded. Ethnicity ascertainment was available to us for all 46 cases. As APAC is rare in those under 30 years of age, we restricted our data analysis to those aged X30 years. Rates of APAC for the population X30 years by ethnic groups for the 7-year period were calculated and annual incidence figures were produced. Additionally, standardised incidence ratios (SIR) were calculated using indirect standardisation over strata formed by combinations of age (5-year bands) and sex. 19 The Caucasian population was used as the standard (comparator) population. Similar rationale has been used by groups from Singapore to estimate incidence rates. 6 
Results
A total of 46 patients, 13 (28%) male and 33 (72%) female, had LPI for APAC in the 7-year study period. In all, Ethnic aspects of acute primary angle closure S Ramesh et al resident population of 92.5% Caucasian (see Figure 1 ) in the X30 years age group. The APAC overall presenting rate was 4.14 cases per 100 000 resident population X30 years per annum (95% CI 3.03-5.52). Details are in Table 1 .
The breakdown of APAC cases over the 7-year period is in Table 2 . The crude incidence for males was 2.46 per 100 000 per annum (95% CI 1.31-4.21) and for females was 5.65 per 100 000 per annum (95% CI 3.89-7.93). This is a relative rate of 2.29 for females. For South Asians, the age and sex standardised incidence rate was 3.07 (95% CI 0.08-17.10) per 100 000 per year and the SIR was 0.78 (95% CI 0.02-4.34). Similarly, for the Chinese, the standardised incidence rate was 106.61 (95% CI 2.67-594.03) per 100 000 per year and the SIR was 26.63 (95% CI 0.67-148.40). There were no APAC cases recorded among the black population of 1062 residents or in the 649 residents of mixed parentage. Although the overall population sample is large, the absolute number of patients with APAC is small, due to the low disease prevalence. This hampers further statistical elaboration.
Discussion
Bolton is a former mill town in the north west of England with approximately 260 000 residents, of whom almost 160 000 are X30 years and nearly 40 000 are 65 years or older. There is a diverse racial mix within the town, with 9% of the population currently of Indian, Pakistani, or Bangladeshi ethnicity. This is referred to as 'of South Asian ethnicity' in this paper. In all, 14.9% of the total resident population is aged over 65 years, compared with 5.6% of Chinese and 4.6% of the South Asian residents.
Bolton Hospitals NHS Trust has an Accident and Emergency Department and the local Ophthalmology Unit serves the town. Bolton residents with acute ophthalmological disorders are thus almost invariably treated locally in the first instance in our department. Patients with an attack of APAC are usually severely affected enough to seek medical attention, especially if free at the point of delivery of the health system, such as that exists in the UK's National Health Service. Similar rationale has been used to estimate the incidence rate of ACG in other observational studies. 6 A very small number of patients may seek out treatment with NHS provision. Treatment of APAC involves laser or surgical iridotomy. Laser iridotomy facilities are however only available locally on the Bolton Hospital NHS Trust site. Surgical iridotomy has not been performed as primary treatment for APAC in our unit for over a decade, as in APAC is a genuine ophthalmological emergency, which is never managed in primary care in the UK. 20 However, we do acknowledge that patients with APAC may not have presented to our unit and thus may have been missed from the study. However, we believe that it is unlikely that differential access to secondary care by ethnicity might be responsible for any observed ethnic variations in the incidence of APAC, as the condition is sufficiently distressing for all affected individuals to seek treatment. Some caution in interpretation of numbers would be prudent as recent studies of primary angle closure in Asian populations have suggested that chronic forms of the condition are more common in these ethnic groups, 10, 21 and also that APAC events lead to more severe outcomes. 22 Our findings are based on a single case in each of the South Asian and Chinese ethnic groups, and so should be interpreted with caution. We believe that the difference in APAC rates calculated is a reflection of the racial aspects of the disease in our local society. It is possible that Bolton residents might have experienced an acute APAC episode requiring emergency treatment while travelling elsewhere or one that resolved spontaneously; this could only be a problem for analysis if it happened differentially between the ethnic groups compared. The former OPCS, now the Office for National Statistics (ONS), population census and the NHS method of recording of ethnicity is a pragmatic methodology. 23 Both enquiries rely on self-declaration of ethnicity. 24 As these methods are consistent, it is unlikely to introduce bias into our results.
PACG is considered a worldwide issue. 5, 10, 25 Potential confounding problems affecting epidemiological studies of PACG include case selection bias, the variable presentation of the condition in different ethnic groups, and variable case definitions. 26, 27 As in other studies, we found those of Eastern Asian, that is, Chinese ethnicity to be at an enhanced risk of APAC compared to Caucasians. Our absolute number of patients with APAC was small, especially in the non-Caucasian populations. As the Bolton population ages and the age distribution of the South Asian ethnic group becomes similar to the Caucasian distribution, the true risk of APAC in this group may become clearer. Before embarking on largescale screening and treatment campaigns for ACG in Asia, or among ethnic groups living in multicultural locations such as in the UK, it would seem prudent to collect more epidemiological information on the condition. This is particularly important in the context of the Singaporean experience on long-term outcomes 22 where high rates of blindness after APAC events were recorded. Studies of APAC disease patterns among immigrant groups in multicultural societies might assist international agencies in this respect. Our findings might be considered as an exploratory study that could be extended to other districts with diverse ethnic populations.
